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After this basic information, various aspects of the systems are discussed: 
the base to which systems are to be fastened, furring systems and the fastening 
thereof, surfacing materials, and fasteners for surfacing materials. Finally, 
some new developments are proposed and significant systems are evaluated. 
ii 
INTRODUCTION 
The objective of this study was to determine, develop, and specify suitable 
means of attaching new walls and/ or ceiling finish materials in rehabilitation 
operations. 
In the rehabilitation of older dwelling units, wall and ceiling surfacing 
materials are frequently found to be in poor condition, many times to such an 
extent that replacement is necessary. When this is the case, some rapid, easy, 
and low-cost method of applying and fastening the new surface material is needed. 
During the study many fastening devices, surfacing materials and systems 
were reviewed and evaluate~, taking into consideration the type and condition of the 
structures to be rehabilitated, the ease of application, the cost, the security of 
the fastening, and the appearance of the finished work. 
The study focused on the total system, since different fastening methods 
and devices and/ or materials are more successful depending upon (a) the type of 
material to be fastened (prefinished, unfinished, wood, hardboard, gypsum, etc. ) , 
and (b) the type and condition of bases encountered in rehabilitation work to which 
the material is to be fastened. 
The report follows the organizational process of the study. First, the 
problems are stated. Following this, the desirable characteristics of surfacing 
systems are enumerated; then code requirements and manufacturers speci!ications 
are compiled. 
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I - THE PROBLEMS 
Deteriorated Surface Materials 
One of the major problems in rehabilitation is the clean-up, repair, refinishing, 
and/ or replacement of the interior surfaces of the spaces in structures. 
Various degrees of deterioration of the interior cladding materials can 
be found. Typical conditions which may exist include: 
1) The paint on the interior surfaces is scaling badly. This may be 
due to one or more factors, including excessive accumulation of 
paint, moisture conditions, and incompatible materials. The 
situation is often so serious that, even though the base may be sound, 
repainting will not solve the problem, since the repainted portion would 
not have a surface of acceptable smoothness. Also, once this process 
has started, it is likely to continue. (Some form of new surfacing is 
required.) 
2) The lime putty or other finish plaster coat is delaminating from the 
base plaster coat. This may be caused by excessive moisture, but 
more often it seems to be associated with age. (If the base is still 
sound, patching may solve the problem; on the other hand, modern 
finish plasters may not be fully compatible with the existing base 
coats, thereby creating further problems. Once again, a complete 
new surfacing may be required.) 
3) Interior surface may be damaged and/ or punctured. (Patching may be 
possible. Patching is fe asible where the damaged areas are not 
extensive. ) 
4) Plaster may be loosened from the lath. (If the lath is still sound, 
patching may solve the problems, particularly if the areas to be repaired 
are a small portion of the total. A problem of compatibility of materials 
may exist. If the areas are extensive, a new surface may be the simplest 
solution.) 
5) The lath may be loosened from its supports, that is loosened from 
studs, furring, or ceiling joists. (Different solutions are possible 
depending upon the degree of deterioration. both with respect to area 
and severity. Areas of severe damage must be removed. In some cases 
where the damage is not so severe it may be possible to refasten the 
lath and patch with plaster. In other circumstances it may be feasible 
to fasten new surfacing materials over the old. ) 
6) Furring strips may be loosened from masonry. (If the existing 
system cannot be refastened to the wall, complete removal probably 
will be necessary. ) 
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Structural Problems 
Along with these characteristic surfacing material deteriorations are the problems 
of below-standard structural elements which affect the resurfacing operation. These 
may take the form of: 
1) Walls and/ or partitions out-of-plumb and alignment. 
2) Floors and ceilings out-of-level due to: 
a) foundation settlement and/or shrinkage of other structural elements 
b) excessive deflection. 
3) Structural deterioration due to fire, excessive cutting in remodeling, 
decay, insect attack, etc. 
4) Structure loaded to limit. 
It is difficult to evaluate the load-carrying capacity of the structure. In 
those instances in which the capacity for carrying additional loads is marginal, existing 
loads will have to be reduced (presumably by removing existing surfacing materials) 
before new interior cladding can be installed in order to avoid overloading the structure. 
Also, some interior bearing partitions may be installed. 
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II - CHARACTERISTICS OF PERFORMANCE 
There are certain characteristics of performance which must be considered 
in the selection or development of any system for fastening new surfacing 
materials in rehabilitation work. 
In the first place, any system selected must meet the basic structural 
requirements which are, in essence, to hold the surfacing materials in place. 
Paralleling and overlapping this requirement is the necessity of meeting 
appropriate code requirements for the fastening system. 
With respect to these items, fasteners cannot be considered apart from 
the materials with which they are being used, including not only the materials 
being fastened, but also the base to which the fastenings are being applied. 
Structural requirements and code requirements are examined in 
following sections of this report. 
Other desirable performance characteristics can be enumerated. 
Low cost is an obvious requirement. Cl~sely allied with this factor is 
the consideration of ease of installation. 
Speed of installation is a prime requirement in some operations, 
particularly those operations where one of the major goals is minimum dis-
placement of the inhabitants of the unit being rehabilitated. In these cases 
the need for minimum elapsed time in the operation may override other requirements, 
particularly the specification for low cost. The rapid installation ·requirement 
(particularly in the 4&-hour rehabilitation program) practically eliminates any 
system that requires repeated periods of drying, setting, etc. 
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Consideration of the long-time effectiveness of the rehabilitation operation 
calls for the consideration of the ease of maintenance and ease of repairability of 
the surfacing system. 
Finally, consumer acceptance, may degrade or eliminate some systems 
which rate highly on all other performance characteristics enumerated above. 
Consumers are likely to have preconceived ideas of what constitutes acceptable 
surfacing materials in their homes. These preferences appear to be particularly 
marked among the low-income groups, and are often entirely different than 
middle and . upper income consumers. For example, a painted rough brick wall 
would be totally unacceptable to most low-income consumers while it is considered 
a special feature by upper level income groups. 
The mo.st acceptable wall system seems to be one which most closely 
resembles plaster--large flat surfaces with no evidence of joints or fasteners. 
Drywall systems which give this appearance are readily accepted. 
Vertical board systems are also acceptable to some degree, although 
they would not be accepted throughout the dwelling unit. Plywood panelings and 
hardboard panelings that are grooved and finished to represent boards are also 
generally accepted to the same degree, but the fasteners cannot be obvious. 
Unfortunately, some of the lower cost and more easily applied pre finished 
systems involve the use of exposed fastener heads which are considered totally 
unacceptable by some members of this consumer level. The system has the 
connotation of being "cheap". 
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It is unfortunate that some systems, highly qualified on all other counts, 
must be eliminated because of the item of consumer acceptance. In those instances 
in which this performance characteristic puts a high cost premium on the system, 
consideration should be given to the re-education of the consumer. 
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Ill- STRUCTURAL REQUIREMENTS FOR FASTENERS 
The fastener serves as the connecting link between two elements -- the 
surfacing material and the substrate or structure. To function properly, the 
fastener must be able to grip, hold in, or fasten to each of the two elements. 
In addition, it must be sufficiently strong in itself to transfer loads from one 
element to the other. 
Holding Power in Substrate Walls· 
In the application of surfacing materials to wall structures, the fasteners are 
required to resist in shear the downward force of the weight of the panel. The 
lateral resistance of nails in this application depends upon: 
a) species of wood 
b) diameter of the nail 
c) penetration of the nail 
The Wood Handbook gives the following formula for lateral resistance 
of ''bright common wire nails": 
where 
p = KD3/2 
p = allowable load in pounds 
K = a value related to the wood species (900 for white fir) 
D = diameter of the nail in inches (penetration in 
softwoods must be 14 times the diameter of the nails) 
Assuming this formula can also be applied to finishing nails if the proper 
diameter is used, a 3d finishing nail (D = 15 1/2 gage = . 067 in. ) driven into white 
fir can hold 15. 6 pounds. (To achieve this allowable load, the 3d nail must penetrate 
the substrate for a distance of 14D or . 94 inches.) 
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Using this allowable load value, three 3d finishing nails are sufficient 
to carry the 42 pound weight of a prefini shed hardboard panel. 
If the penetration is reduced to 3/4 in. , the lateral resistance of each 
nail is reduced and additional nails are required -- perhaps double the number 
calculated above. 
Holding Power in Substrate--Ceiling 
A similar analysis can be performed for the application of 5/8" gypsum wallboard 
to ceilings using 1 3/8 GWB annular ring nails (. 098" dia.) where the loading of 
the nails is in withdrawal, as the weight of the surfacing material exerts a pulling 
action on the nails. 
The Wood Handbook gives the following formula for withdrawal resistance 
of "bright common wire nails": 
5/2 . . 
p = 1150 G D x length of penetration 
where p = allowable load 
G = specific gravity of the wood (. 41 for white fir) 
D = diameter of the nail shank in inches 
Assuming the formula will give a conservative value for safe loads for the 
annular ring nail, the allowable load per nail is: 
p-= 1150 X . 11 X • 098 X . 75 = 9. 2 lbs. 
Accordingly, nine nails will hold a 5/8" x 4' x 8' gypsum panel (weighing 
80 lbs. ) on the ceiling, whereas the usual specification is for a minimum of 40 nails. 
Holding Power in Surface Materials 
There is insufficient information on the properties of surfacing materials to permit 
a similar analysis of the holding power of tile fastener in the surfacing material. In 
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any case, the problem is somewhat different--the usual mode of failure is 
for the fastener to pull through or pull out of the surfacing material. This 
action is influenced by the properties of the material, the size and configuration 
of the fastener, and the technique and skill of the mechanic installing the 
fastener. Holding to the surface material is a more severe problem than 
fastening to the substrate, as is indicated by the fact that a much greater number 
of fasteners are used as compared to the number required for fastening to the 
substrate element. 
Since a rational design procedure is not available, adequate fastening to 
the surface material is assured by the specifications of size, configuration, 
spacing, and method of application of the appropriate fastener. Such specifications 
are provided by the manufacturer of the products and/ or the building code authority. 
Racking Loads 
Wall and ceiling surfacing materials may be loaded in racking also; however, in the 
usual structural analysis, interior surfacing materials are not assumed to resist 
racking load, although observations of structures under test indicate that the 
surfacing materials do contribute to racking resistance. 
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IV -CODE HEQl' IHE:i\IENTS 
Performance Reguiren1ents for Surfacing Systetns 
The BOCA Abridged Building Code (l), the L'niform Building Code (2), the National 
Building Code (3), and the Minimum Property Standards (4), were examined with 
respect to performance requirements for surfacing materials, including fasteners. 
Only two of these codes incorporate requirements which might be classified 
as perfor1nance standards: 
1) The BOCA Abridged Building Code states the following: 
"In all habitable spaces, interior exposed wall and 
parition surfaces are required to be faced with materials 
\Vhich are capable of resisting a horizontal load of not less 
than 5 pounds per square foot. " 
Since no det1ection or deformation lilnits are given in this standard 
it is assun1cd that ''capable of resisting'' is to be interpreted as "capable 
of resisting \vithout fracture.'' 
The BOCA Abridged Building Code also contains certain stipulations 
1·egarcling the flame resistance of certain elen1ents of interior finish. 
(1) issued by the Building Official Con lc rence of America, Inc. , 1313 East 60th Street, 
ChiC'ago, Illinois ()0637 
(2)issued by the IntPrnational Cortfere t ce of Building Officials, 50 South Los Robles, 
Pasadena, California 91101 
(3 )issued by the An1erican Insurance As~ociation (formerly the National Board of Fire 
Underwriters) 120 LaSalle Street, Chieah ). Illinois 60604 
(4 )issued by the Federal Housing Administration , \Vashington, D. C. 20411 
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2) The National Code stipulates certain flame spread rating requirements 
for interior finish materials. Dwellings are excluded from these 
requirements; however, multi-family residential buildings must have 
required exitways surfaced with m_aterials with flame spread ratings not 
exceeding 75 and other spaces surfaced with materials having flame 
spread ratings not exceeding 200. 
Certain materials and fasteners are also given specific fire 
resistance ratings in accordance with experience gained from standard 
testing procedure. 
Specification Requirements for Surfacing System 
The codes mentioned above were also examined for specifications relating to 
surfacing materials and their fastenings. In most instances where such specifications 
exist, they refer to manufacturers' recommendations, or the requirements appear 
to have been derived from these requirements. 
1) The BOCA Abridged Building Code does not contain specifications for 
interior surfacing materials other than those items mentioned under 
performance standards. 
2) The National Building Code has no specifications regarding wallboard of 
the fastening thereof than the general requirements mentioned above. 
The National Building Code states: "Lathing and Plastering shall conform 
with nationally recognized good practice on matters not covered in this 
code." 
3) The Uniform Code contains the following specifications for gypsum 
wallboard. 
"TIITCK-
NESS OF 
GYPSUM 
WALL-
BOARD 
(Inches) 
1/2'' 
5/8" 
SPACING OF NAILS SPACING 
(Inches) OF 
SIZE AND TYPE OF NAIL WALLS CEILINGS SUPPORT 
5d. 13 1/2 ga. 1 5/8" long, 
15/64" flat head, dia-
mond-point nail or . 098 
ga. 1 1/ 4" long, 1/ 4" slight-
ly countersunk head, me- 6 to 8 
dium diamond point with 
annular threads slightly 
tapered, bright, non-
coated. 
6d. 13ga. 17/8"long, 1/4" 
flat head, diamond-point 6 to 8 
nail. 
(Inches) 
5 to 7 16 
5 to 7 16 
Note: Spacing of twenty-four inches (24"). may be allowed for ceilings where 
no fire-resistive construction is required. Where framing members exceed 
sixteen inches (16") on center gypsum wallboard shall be applied with the 
long dimension of the board at right angles to framing members with all 
joints covered with joint reinforcing tape and adhesive. " 
4) The Minimum Property Standards contains the most comprehensive 
specification for s~rfacing materials. These requirements are reproduced 
on the following pages. · 
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906 INTERIOR WALL AND CEILING FINISH 
906-1 OBJECTIVE 
signed fpr this purpose may be used. See Details 
77 and 78. 
b. Intersection of walls and floors shall be finished 
with a cove base or other appropriate method 
acceptable to FHA field office. • 
To secure an interior wall and ceiling finish which 
will provide (a) a trUitable base for decorative finish, 
(b) a waterproof fini&h in spaces subject to moi.~tu1·e, 
and (c) reasonable dturability and economy of main-
tenance. 
906-3 LATH AND PLASTEI 
906-3.1 Metal Lath, Wire Lath and Wire Fabric 
906-2 GENERAL 
906-2.1 These Sta.nda.rds apply to base materials 
comprising wall or ceiling finish. See 910 for deco-
rative or protective finishes. 
906-2.2 The wall and ceiling finishes contained 
herein may be used where finish is appropriate to its 
intended use and location. Wall finish in showers, 
over bathtubs with showers, or in other locations sus-
ceptible to moisture shall be of waterproof material. 
Interior finish in showers sha.ll be at least 6 feet above 
finish floor and over bathtubs with showers at least 
4 feet above top of tub. 
906-2.3 When applied surfa.ce materials are used: 
a. Corner joints of bathtubs, top edge of wainscot 
and intersections with other materials shall be 
caulked and suitably pro~ed. Moldings de-
TAILE 9-9 
a. Lath and wire fabric shall comply with 708-7. 
b. Type and weight of lath shall comply with 
Table 9-9. 
c. Application: 
( 1) Apply lath with long dimension across sup-
ports. Rib lath shall have ribs against supports. 
(2) Flat lath and wire lath shall be lapped lh-
inch at sides and 1 inch at ends. Ribbed lath 
shall be lapped lh-inch or nested at sides and 
lapped 1 inch or nested at ends. Stiffened wire 
lath or wire fabric shall be tapped by nesting 
ribs or selvage 1 inch at sides and 1 inch at ends. 
(3) Side laps shall be secured to supports and 
be tied between supports. 
( 4) End laps shall be. staggered where possible. 
If end laps occur between supports, they shall 
be tied. 
Metal Lath, Wire Lath and Wire Fobrk 
Maximum allowable IPKinl of 10pporta (Inch• o. c) 
Minimum 
weight of 
lath (lb. per 
IQ. yd.) 
v erticaliUpporta 
Hori&oatu IUPporta 
Type ollath 
Diamond mesh______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 5 
(Flat expanded)___________________________________ 3. 4 
Flatrib------------------------------------------
(Expanded) ________________ -- ____ -- __ -.-----------
2. 75 
3.4 
""rib___________________________________________ 3. 4 
(Expanded)•---- ________ ------- _ __ __ __ __ _ _ _ _ _ __ _ _ _ 4. 0 
Sheet lath •. -------------------------------------- 4. 5 
Wire lath ______________________________________ ~.. 2. 48 
J V -stiffened wire lath ______________________________ _ 3. 3 
Welded or woven wire fabric________________________ (•) 
Wood 
16 
16 
16 
19 
24 
24 
24 
16 
24 
16 
Metal 
Wood or 
COilCI'e&e 
Solld pertl- Otben 
tlooa 
16 12 0 
16 16 16 
16 16 16 
24 19 19 
----------
24 24 
----------
24 24 
----------
24 24 
16 16 t 13~ 
24 24 19 
----------
16 16 
1 Rod-t~tUJened or V -stltfened diamond meab metal lath of equal fllldlty and weight Ia acceptable on aame apaclnp u H inch rib ~u lath. 
1 Not lighter than No. 19 race wire, 2~i meabee per Inch. 
I Not Uahter than No. 18 cace wire, 2~ meabee per Inch. 
'Paper-backed wire labrtc, No.1& race wile, 2 x 21ncb mesh wltb stUJener spaced 61ncbee o. c. mulmum. 
•1evlsed January 1965 
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Metal 
0 
13~ 
12 
19 
24 
24 
24 
•13~ 
19 
16 
181 
r.:: 
f,-
I 
' 
906-3 LATH ~ PLASTH--contlnued 
( 5) Install comer reinforcement unless lath is 
started one support a way from comer and bent 
into or a.round corner to next support. 
d. Nailing: 
(1) Secure to horizontal supports, with No. 11 
or 12 gage roofing nails. Length of nail shall 
be that which will provide at least ~~1%-inch 
penetration into support. 
(2) Secure to vertical supports, with No. 11 or 
12 gage roofing or smooth shank nails. Length 
of nail shall be that which will provide at least 
%, -inch penetration into support. 
(3) Nails shall engage at least two. stra.nds of 
mesh or a rib of rib lath. 
e. Application to supports other than by nailing 
shall comply with ASA A 42.4 "American Stand-
ard Specification for Interior Lathing and Fur-
ring." · 
906-3.2 Gypsum Lath 
a. Gypsum lath shall comply with 706--4. 
b. Maximum spacing of supports: 
Jf'MMtfM 
lpGCiftf1 
TAictnu• ( itWhea 
(inclau) o.c.) 
~----------------------------------------------- 16 ~----------------------------------------------- 24 
c. Apply lath with long dimension across supports 
and with end joints staggered. At heads of open-
ings, installla.th so that vertical joint of first course 
above head does not fall on jamb stud. 
d. Nailing: 
( 1) Nail with 12 or 13 gage lathing nails having 
approximately %-inch heads. Length of nail 
shall be that which will provide at least%, -inch 
penetration into supports. . 
(2) Space nails not more than 5 inches o. c. with 
at least 4 nails per support in each lath. For 24 
inch wide lath, use 6 nails per support. 
(3) For attachment by staples, see FHA Use of 
Materials Bulletin No. UM-25, "Power-driven 
Galvanized Wire Staples." . 
e. Lath may be attached with metal clips except · 
that perforated lath, supported by clips only, shall 
not be used for ceilings. 
f. Gypsum lath shall not be used as a base for 
Portland cement plaster. 
112 
906-3.3 Com.., a,.cl ~oint lelnforce ... flf 
a. Reinforcement for internal vertical and hori-
zontal angles shall be expanded metal lath or cor-
nerite having not I~ than 2 inch legs. · Woven or 
welded wire fabric may be used when of equivalent 
strength. 
b. External angles shall be protected with comer 
bead. 
c. When gypsum or fiber lath is , used, install at . 
corners of all openings strips of metal lath ( ap-
proximate 6 x 18 inches) placed at 45 degree angle. 
d. Install flat m~ lath strips, minimum width 4 
inches over butted joints of dissimilar plaster bases. 
Minimum width over each base, 2 inches. 
906-3.4 Platter Grounds 
a.. Install suitable plaster grounds at openings 
where frame does not provide a ,ground and at 
intersection of walls with floor. 
b. Thickness of ground shall be that which will 
provide required plaster thickness. See 906-3.7. 
906-3.5 Plaster 
a. Gypsum plaster shall comply with 706-1. 
b. Apply plaster. in three-coat work or in two-coat 
double-up work when plaster base is gypsum lath 
l)r masonry. 
c. Minimum thickness: 
( 1) Over metal lath, wire lath, wire fahric, 
masonry or concrete, %-inch. 
( 2) Over gypsum lath, fiberboard lath or wood 
lath, lh-inch. 
d. Finish all ceilings level, walls and comers 
plumb and straight. Use screeds for large areas 
when necessary. 
e. Mix and application of gypsum plaster shall be 
in accorda.nce with ASA A42.1, "Ameriea.n Stand-
ard Specifications for Gypsum Plastering." Pro-
pOrtions 1>f aggregate (sand, perlite or venniculite) 
to gypsum nea.t plaster shall comply with the rec-
ommendations of the Gypsum Association. Port-
land ce!llent plaster and application shaH comply 
with ASA A42.3, "Standard Specifications for 
Portland Cement Plastering."* 
906-3.6 Solid Plaster Partitions 
Solid plaster pa.rtitipns shall comply with FHA 
Engineering Bulletin No. SE-168, "Solid Plaster 
Pa.rtitions." 
•a..,IMC~ Ja.....-y 1965 
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906-4 GYPSUM DRYWALL 
906-4.1 Matarials 
a. Gypsum board shall comply with 706-3. 
b. Nails shall comply with ASTM C-380 or C-514. 
Nail shank diameter or thread design shall be 
such that nail penetration will be ¥8-inch ± %6-
inch with smooth shank nails or a4 -inch ± %6-inch 
with threaded nails.* 
c. Screws shall be 1"%,-inch for wood supports and 
l-inch for steel supports, cadmium coated, double-
lead thread dry wall screws with contour head and 
diamond point.* 
d. Resilient channels or clips for acoustic purposes 
shall comply with manufacturers directions.* 
906-4.2 Minimum thickness and maximum spacing 
of supports for single layer system shall comply with 
Table 9-10. 
TABlE 9-10 
Gypsum Drywall (Single layer) 
Min1mum 
Maximum spacing of 
supports (inches o.c.) 
Installed long direction of shret thickness l----,------(inches) 
Walls Ceiling 
Parallel to framing members __ _ ~ 16 --------
~ 24 16 
% 24 16 
Right angles · to framing mem-bers ______________________ _ 
" 
16 16 
~ 24 24 
% 24 24 
906-4.3 Application-Single Layer System 
a. Single-n~il method: All ends and edges of wall-
board shall occur over and be nailed to supports 
except that this is not required for treated joints 
at right angles to framing members in horizontal 
application. Maximum nail spacing at ends 
(edges in vertical application) and in field, 8 inches 
o.c. on walls and 7 inches o.c. on ceilings. :M:ini-
mum nail edge distance, %-inch. 
b. Double-nail method: Apply in same manner as 
single-nail method except that nails in field of 
board may be spaced 12 inches o.c. with two nails 
spaced 2 inches apart at each support. The sec-
ond set of nails should be applied only after the 
first set of nails has been driven in the wallboard. 
*leviMd January 1965 
~ }: ' 'I 
c. Adhesive-nail method : Apply a continuous bead 
of adhesive to each supporting member a.t ends, 
edges and within field. Apply wallboard to mem-
bers within 15 minutes of adhesive application (or 
as recommended by manufacturer) and in same 
manner as single-nail application except that maxi-
mum nail spacing may be 16 inches o.e. on walls 
and 12 inches o.c. on ceilings. Adhesive shall be 
that specifically recommended by the manufacturer 
and applied in accordance with his printed direc-
tions. 
d. Screw method: Application shall comply with 
906-4.3a except for nailing. Screws shall be 
spaced 12 inches o.c. on ceilings and 16 inches o.c . . 
on side walls. • 
e. Adhesive-screw method: Application shall 
comply with 906-4.3c except for nailing. Space 
screws not more than 16 inches o.c. on ceilings and 
24 inches o.c. on side walls.* 
906-4.4 Minimum thickness and maximum spacing 
of supports for laminated system shall comply with 
Table 9-11. 
TABLE 9-11 
Gypsum Drywall (laminated) 
Base ply installed long 
dtrectlon ol abeet 
Maximum spaclna 
of supports 
M1n1mum thickness (inches q.o.) 
Parallel to framing 2 ply~"----------- 24 ------
membel'l!l. 
~" base, ,_,face___ 24 16 
2 ply~" or""~---- 24 24 
Right angles to fram- 2 ply""----------- 24 16 
ing members. 
~" base, "" face _ _ _ 24 24 
2 ply~" or "'" _ _ _ __ 24 24 
906-4.5 Application-Laminated System 
a. Install face layer at right angles to base layer. 
Apply adhesive to entire surface of face layer 
spreading with a notched spreader blade. Ad-
hesive shall be of type designed for laminated 
wallboard use. 
b. Nails for application of laminated gypsum dry 
wall shall comply with 906-4.1b. 
c. Space nails in base layer 8 inches o.c. on wall 
and 7 inches o.c. on ceilings. Space nails on face 
183 
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906-4 GYPSUM DRYWALL-Continued 
layer 16 inches o.c. on walls and 12 inches o.c. on 
ceilings. ~finimum Pdge distance, :7~-inch. 
906--4.6 Joint Treatment 
a. Protect all vertir.al Pxterior corners with cor-
rosion-resistant meta 1 <"Oruer beads or angles or 
wood moldings. 
b. All joint. in wallboard surfacPs inteudPd t(_) re-
ceive paint or wallpaper finishes 5-hall be tHlJe.d <tnd 
cemented in accordance with manu facturen; direc-
t ions. 
c. Treated joints in predecorated wallboanl m~l.Y 
be left exposed except. when loca.teti in areas subject 
to extreme moisture conditions such as hath, 
laundry or kitrhen are.us adjacent to sink.* 
906-S OTHER DRYWALL FINISHES 
906-5.1 Plywood 
a. Plywood shall comply with 705-6. 
b. Providf\ solid backing for all edges. 
c. Maximmn spacing of supports: 
( 1) J/~ -inch plywood, 16 inches o.c. 
(2) 3;8-indt plywood, 24 inches o.c. 
d. Nailing: 
(1) Knil with 11 to 12 gage casing or finishing 
naib. Length of nail shall be that which will 
pro\·ide at leu.~t 3J.t-inch penetration into sup-
port. 
(2) Spa.ce nails 6 inches o.c. on ceilings, R inches 
o.c. on walls. ~finimum edge distance, iX -inch. 
e. Fasteninh:rs for special types of intPrior plywood 
fmi~h may be used. 
906-5.2 Hardboard 
a. llardboard shall comply 'Yith 705- 7. 
h .. Minimtmt thickness~ npe11 framing :14-inC'h. 
On~r rigid back~ng, lj8 -inl..'h. 
e. :M.a.x.imnm spacing of .framing, 16 inches o.c. un-
les . , over rigid baeki.ng. 
d. Prm 1d<• solid barking for all edge~. Fit panels 
to allow for <>xpansion. 
184 
P. ~ailing: 
( 1) Nail with 11 to 12 gage casing or finishing 
nails. Length of nail hall be that which will 
pro\ ide at least %-inch penetration into sup-
p,>ti. 
( :2 .l ~pace nails 6 inches o.c. on ceilings, 8 inches 
o.~: . on walls. :\'linimum edge distance, %-inch. 
906-5.3 Fiberboard 
a. F1bcrbo:u\l shall romply with 705-8. 
b . .:\-1inimum thicknPss and maximlllll spacing of 
supports shall be a.., follows: 
8pa~nl1 of 
•unorl• 
((nclle• 
o.c.) Thickne.s (inch~•> 16 
u lh------------------------------------------~------------------------------------------
c. ~ailing: 
(1) Nail with 11 or 12 gage casing or finishing 
nails. Length of nail shall be that which will 
provide at len.st 3;4 -inch penetration into sup-
port. _ 
(.2) Space nails 6 incht·s o.e. on ceilings, 8 inches 
o.c. on walls. ~finimum edge distanr.-e, %-inch. 
d. Fac tenings for special types of interior fiber-
board tinish may be used. 
906-5.4 Wood Paneling 
a. Material shall be thoroughly seasoned and 
snit able for it::; intended use. 
1, .• \ pply nvPr K o. 15 asphalt-saturated felt or 
\·apor barrier wlwn ;\pp1ication is direct to exterior 
\ntll framing or blocking.* 
c. ~f:nimnm width, 12 inches. 
d. ~liuimum thickness, lj2-inch. 
"· .Maximum spacing of supports, 24 inches o.c. 
f. Nailing: 
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( 1) Nail to each lw.:uiug with 11 or 12 gage 
casing or finishing nails. Length of nail shall 
be that whiC'h will proYidt• at least%, -inch pPlle-
t ration iuto. upport. ( :.n . Prori(le 2 Hails <tt each bearing for hoard-, 
less than 6 inches wide, and ;~ nu.ils in boards 6 
inches and wider. 
*tevlsed Jonuaty 1965 
,i: 
f. 
lc ~------------------------~~~~~~~~~~~~~~------~------~~--~~-·~----------------------------_j 
V -INDUSTRY SPECIFICATIONS 
for Fastening of Surfacing Materials 
Industry associations and/ or individual manufacturers publish specifications 
for the use and fastening of their products' design for use as surfacing 
materials. A careful examination of these standards indicate that they are 
similar to the code specifications enumerated above. 
Gypsum Wallboard 
· The Gypsum Association, the United States of America Standards Institute 
(formerly ASA), and the American Society for Testing and Materials have 
developed standardized specifications for the materials and/ or methods 
required for the satisfactory attachment of gypsum wallboard. These 
requirements are summarized in the information reproduced on the follow-
ing pages. 
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NAILING GYPSUM WALLBOARD 
SINGLE AND TWO-PLY APPLICATION 
(SINGLE AND DOUBLE NAILING METHODS) 
THICKNESS 
OR TYPE 
SINGLE LAYER 
1/4 11 thickness 
(for application 
over existing 
surfaces only) 
3/8 11 thickness 
1/2 11 thickness 
RECOMMENDED NAILS AND SPACING 
DESCRIPTION OF NAIL 
Flat head, diamond point nail of such 
length as to give not less than 1" 
penetration into the framing member. 
1-1/8 11 or 1-1/4 11 long; annular ringed 
GWB-54 nail complying with ASTM 
Spec. C380-58T or 4d, 14 gage, 1-3/8 11 
long, 7/ 32 11 flat head, diamond point, 
bright finish cooler. 
1-1/4 11 long, annular ringed GWB-54 nail 
complying with ASTM Spec. C380-58T or 
5d, 13-1/2 11 gage, 1-5/8 11 long, 15/64 11 
flat head, diamond point, bright finish 
cooler. For exterior use, use GWB-54 
nail only. 
NAIL SPACING 
Nails spaced not less than 3/8 11 from 
ends and edges. At each support space 
nails a maximum of 7 11 for ceilings and a 
maximum of 8 11 for walls. Do not stagger 
nails on adjoining ends and edges. 
(See reverse side.) 
(A) Nails spaced not less than 3/8 1' 
from ends and edges. At each support 
space nails a maximum of 7 11 for 
ceilings, a maximum of 8 11 for walls. Do 
not stagger nails on adjoining ends and 
edges (see reverse side), or double 
nailing method may be used (see reverse 
side). 
Same as (A) above or double nailing 
method may be used (see reverse side). 
t-- --------+------- ---·--- ----·-··-·-·---------- -------- -- - ------ --------1 
5/ 8 11 thickness 
TWO-PLY 
(1) Adhesive 
between layers 
(2) No adhesive 
used between 
layers. 
( 3) Staple 
application of 
first-layer only. 
(Face layer 
applied as 
described above) 
PrinteJ in U.S.A. 
6d, 13 gage, 1-7/8 11 long, 1/4 11 flat head, 
diamond point. (Use for fire rated con-
structions). 
1-3/8 11 long, annular ringed GWB-54 nail 
complying with ASTM C380-58T where 
fire rated construction is not required. 
For exterior use, use GWB-54 nail only. 
( 1) First layer - same as for single 
layer application of thickness used. 
(2) Face layer - long enough to pene-
trate at least 3/4 11 into framing member. 
Same as (A) above. Double nailing 
metho'd may be used (see reverse side), 
except for fire rated constructions. 
(1) Same as (A) above; drive nails flush 
with paper surface. 
(2) Use only enough nails to hold wall-
board in place until adhesive develops 
adequate bond. Suggested spacing 12" 
on ceilings and 16" on walls. 
---·- ----------------+---------------------------~ 
( 1) First layer - same as for single 
layer application. 
(2) Face layer - long enough to pene-
trate at 1 e ast 1-1/8 11 into framing member. 
( 1) Staples shall meet the following 
minimum requirements: Wire- 16 U.S. 
Standard gage flattened galvanizeti wire. 
Staple Crown- Flat, 7/ 16 11 wide (out-
s ide measure). 
Staple Legs -
For :va" thick board - 1 11 long 
with divergent points. 
For 1/2 11 thick board-- l-1/R 11 
long with di·vergent point~->. 
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(1) Same as (A) above, except nails may 
be spaced a maximum of 14". Drive 
nails flush with paper surface. 
(2) Same as for single layer application 
or double nailing method may be used 
(see reverse side). 
(1) Staples shall be driven with the 
crown at right angles to the paper bound 
edges of th . wallboard except where the 
paper bound edges fall on the framing 
members, the staples shall be driven 
parallel to the edges. Staples shall be 
driven in such a manner that the crown 
bears tightly against the wall board but 
cioes not cut in to the face paper. The 
legs of the staple shall be no less th~n 
3/8 11 from the ends and edges of the 
wallboard. Spacing of staples shall be 
7 11 o.c. maximum on ceilings and 8 11 
o.c. maximum on walls. · 
Reprinted 8/66 May, 1959 
• 
·SINGLE NAILING 
0 0 t 0 0 0 0 0 0 0 
f- NOT lESS THAN 3/8• 
0 0 0 0 0 0 0 
0 OJ£ o 0 0 0 0 0 0 
7' MAX. ON CEILINGS 
a• MAX. ON WALLS 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
NAILS: (See Reverse Side) 
"SINGLE NAILING" SYSTEM PROCEDURE: The wallboard shall l.>c held in firm contact with the nailing member while 
the nails are being driven. Nailing preferably should proceed from the central portion of each piece of wallboard towards ends 
and edges. Nails shall not be staggered on adjoining edges or ends. Perimeter nailing at the top and bottom is not required . 
. DOUBLE NAILING 
l • • 
~ 
• • 
• • 
I 0 0 AP;ROX 12'J~ 
t l 
I • •}MAXI~UM a• ~ 
I • • SIDE WAllS 
) 0 0 
• • 
• • 
J • • • • 
Row4 Row 3 Row 2 
NAILS: (See Reverse Side) 
.. DOUBLE NAILING,. SYSTEM PROCEDURE: 
• 
0 
• 
• 
0 
• 
r MfNIMUM 
2!• MAXIMUM 
0 1 . 
0 
• 
• 
Row 1 
v 
• 
• 
Row 2A 
. -.- . . ~ 
NOT LESS ~ I- j 
THAN 3/8• • • 1 
0 ~ 
• • • 1 
MAXIMUM7J 
CEiliNGS • • 
0 
• 
0 
• 
• 
Row 3A 
• • 
• • 
• • 
• • 
Row4A 
• 
1. Two men are required to nail one ceiling board- one man naih row~ I, 2, 3 and 4; the other nails rows 2A. ~A and 4A. 
2. Starting at center of board , nails shown by dot e arc appli<:d in row I . then rows 2 and 2A, :3 and 3A, 4 and 4A, etc., 
always nailing from center to edges of sheet. 
3. Apply "double" nails shown by circle 0 in the same manner as first naih. a!<.o starting at row I. 
4. As alternate procedure, "double" nails may be applied innnedi.ttdy after nailing of first nads in each row JS completeci ac-
cording to step "2" above. 
5. Use single nails on perimeter of board . 
IMPORTANT: All three field (first) nails in each row should be applwd hcfpn· rite '·doub le" (second) nails are applied . It may be neces-
sary to "hir" the first nails in each row after the second nail is applietJ 
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ADHESIVE NAIL-ON APPLICATION OF GYPSUM WALLBOARD 
The nadhesive nail-on" system for application of gypsum wallboard to 
wood framing mem hers was developed to strengthen the wall and to mini-
mize the possibility of nail popping. It reduces the number of nails in the 
field, provides for intimate contact and a continuous bond between the 
wallboard and the wood framing. · Except as herein provided, adhesive 
should not be used without supplementary attachment with nails. 
ADVANTAGES 
D Reduces number of nails in field of board at 
least 50 ~~ 
a. less labor 
b. less nails to spot m Reduces nnail pops" and nnail tears" 
iJ Bridges minor framing irregularities 
PREPARATION 
All wood framing members should be straight and in 
one plane. All plumbing, electrical conduit and re-
ceptors, fire blocks, etc., should be flush with the 
plane of the framing members. 
All surfaces that come in contact with the adhesive 
should be dry, free of dirt, grease, oil or other for-
eign materials. 
EQUIPMENT 
A caulking gun with a% in. nozzle may be used to 
hand apply the adhesive. Mechanical application 
may be done with a Mastic Meter Applicator, manu-
factured by the Ames Tool Company, Belmont, 
California. 
Pumps for loading caulking gun, or Mastic Meter 
Applicator, are available from manufacturer of ad-
hesives or Ames Tool Company. 
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RECOMMENDATIONS: 
D Except as herein modified, application shall be in 
accordance with the recommendations of ASA 
Standard A97.1, Gypsum Wallboard Finishes. 
~Adhesive shall be as recommended by the manu-
facturer of the gypsum wallboard. 
I) Surfaces of gypsum wallboard and framing to be. 
adhered shall be free from dust, dirt, grease or 
any other foreign matter which could impair bond. 
IJ A bead of adhesive shall be applied to the face of 
all framing members, except plates, which sup-
port the gypsum wallboard. It shall be of suffi-
cient size that when the wallboard is applied, the 
adhesive will spread to an average width of one 
in., approximately ! 16 in. thick. 
a. Where a joining of two adja-
cent pieces of wall board occurs 
(ends or edges ) on a framing 
member, and joints are to be 
treated, a serpentine or zig-zag 
bead of adhesive shall be ap-
plied. 
b. Where a joining of two adja-
cent pieces of wallboard occurs 
on a framing member, and 
joints are to be untreated, two 
parallel beads of adhesive shall 
be applied, one near each edge 
of the framing_._!Pember. 
lit The adhesive container shall be clearly marked 
with the uopen time" of the adhesive. Adhesive 
shall be applied to no greater area than can be 
covered with wa1lboard within the {(open time" 
(lfsually 15 to 30 minutes.) 
m Fastener Spacing. If the properties of the ad-
hesive are such as to assure bridging between the 
wallboard and the wood framing, . no nailing is 
required in the field of the board for wal1s. In 
such cases, perimeter nailing only is required. 
On the other hand, if the properties of the ad-
hesive are such that there is no positive bridg-
ing between the board and the wood framing, 
either temporary field nailing or temporary brac-
ing is required to insure contact between the 
board, the adhesive and the stud face until the 
adhesive develops adequate bond strength. 
Unless specifically recommended otherwise by 
the adhesive or mastic (Note 1) manufacturer, 
fasteners shall be spaced in accordance with the 
following table. 
NOTE 1: Certain materials recommended for apply-
ing gypsum wallboard "adhesively" are more properly 
classified as mastics rather than adhesives. 
FASTENER SPACING (ADHESIVE APPLICATION 
WITH SUPPLEMENTAL FASTENING) 
Framing Partitions Partitions Member Ceilings Non load-
Spacing Load-Bearing Bearing 
Nail Screw Nail Screw Nail Screw 
16 in. o.c. 16 in. 16 in. 16 in. 24 in. 24 in. 24 in. 
24 in. o.c. 12 in. 16 in. 12 in. 16 in. 16 in. 24 in. 
a Where specifically recommended by the adhesive 
manufacturer, the fastener spacing used with his 
adhesive may be as follows: 
1. CEILINGS: 
Horizontal Application: Drive nails or 
screws at each framing intersection and 
16 in. o.c. at each board end % in. from 
each edge and end. One field nail or screw 
per framing member is required at mid-
point location between edges. 
Vertical Application: Space nails or 
screws 16 in. o.c. along the board edges 
and at each framing intersection on ends 
and% in. in from each edge or end. Fas-
teners are spaced 24 in. c. to c. on inter-
mediate framing members. 
2. WALLS: 
Horizontal Application: Drive nails or 
screws at each framing intersection and 
16 in. o.c. at each board end% in. in from 
each edge and end. No field nails or screws 
are required. 
Vertical Application: Space nails or 
screws 16 in. o.c. along the board edges 
and at each framing intersection on ends 
and % in. in from each edge or end. No 
fasteners are required on intermediate 
framing mem hers. 
Printed in U.S.A. 
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Hardboard 
There are no industry-wide standards for the attachment of hardboard. Rather, 
each manufacturer stipulates his own fastening system on a specification basis. 
A typical requirement for prefinished 1/4" hardboard wall paneling follows: 
Nailing Application 
Over open studs ...... "Bring panels to moderate contact. Nail 8" o. c. at 
intermediate supports. N~il 4" o. c. at joints and all along edges. Where 
necessary to nail into grained surface use color-matched nails and drive 
flush with surface, or use finishing nails and predrill slightly below surface 
with 1/16" drill at nail locations. Set finishing nails and fill with matching putty." 
" ......... Space studs or furring strips 16" o. c. and provide continuous 
support for all panel edges." 
Nails 
"Use 3d finishing nails or special hardboard nails in matching colors ...... . 
Nail into grooves wherever possible." 
Adhesive Application 
Over open studs. . . . . . "Use a contact bond adhesive. It is not necessary to coat 
entire back of panel when applying with contact bond adhesive over open studs. 
Mark back of panel at stud locations and brush adhesive over an area slightly 
larger than stud. For best results , apply two or more coats of adhesive on 
both panel and studs. Contact should not be made until both panel and stud 
surfaces are completely dry. After panel is properly positioned, take a 
mallet and hammer panel tightly against stud over its entire length. Mallet 
should be wrapped in a rag so that the grained surface will not be marred. 
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"Caution. Be sure that panels are carefully trimmed for proper fit prior 
to application of adhesive. The panel cannot be shifted once the dry surfaces of 
the adhesive touch. Panel may be removed if improperly positioned by applying 
a solvent such as Toluol to the glue line, using an oil can". 
Over solid backing ....... "Existing backing should be firmly attached 
and dry. Use a tile board adhesive such as Marsh C-350 and spread adhesive 
over entire back of panel, using a sawtoothed trowel. Press panels firmly against 
backing and brace as necessary until adhesive sets." 
Attachment with Metal Moldings 
Metal moldings are sometimes used as attaching devices. 
Attachment with Clips 
One manufacturer offers a "hardboard plank" 1/4" thick, 16" wide by 8' long 
with matched edges. These planks are fastened to studs 16" o. c., or to 
horizontal furring 16" o. c. with metal clips. The metal clips are inserted 
into the groove of the plank and nailed with two nails to the stud or furring strip. 
Vertical support is supplied only by nailing the ends of the plank and by the friction 
of the clips on the panel. 
Plywood 
The following is a manufacturer's recommendation for the attachment of prefinished 
hardwood plywood. 
Nail-on installation 
"Whether application is direct to studs or over an underlayment or old 
wall, panel edges should join over a stud. For application direct to studs use 
4-penny (1 1/2") finish nails spaced 8" along panel edges and 12" elsewhere. 
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Nail heads should be set 1/32" deep. For application over underlayment or old 
wall use 6-penny (2") finish nails spaced 4" along panel edges and 6" elsewhere. 
Set as above. Fill holes with G-P Putty Stik colored to match paneling." 
Adhesive installation 
"Contact adhesives may be used in place of nails. Be certain to cut and fit 
each panel exactly before adhesive is applied. Once applied it is impossible to 
make adjustments. This method is not recommended for use over plaster walls 
in poor condition. 
Position first panel in corner so initial contact will be at corner edge, 
then swing into place. Follow same method for subsequent panels. Regardless 
of type of adhesives used, manufacturer's instructions shall be followed exactly." 
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VI- BASE FOR FASTENING 
The objective of this study is to determine, develop, and specify suitable means of 
fastening surfacing materials in rehabilitation operations. Under this directive 
patching operations are eliminated and the study is concentrated on the fastening 
of replacement interior cladding in the structure. 
Fastening systems cannot be evaluated independently of the surfacing system 
nor can they be selected without reference to the base to which the attachment is to 
be made. 
Condition of Fastening Base 
Three categories of base can be delineated: 
1) All existing surfacing materials have been removed and the new 
surfacing is to be fastened to the original structure. 
2) Existing surfacing remains and the new surfacing is to be fastened 
to it, or through it, into the original structure. 
3) New structural elements, such as new partitions, new ceiling framing, 
etc. have b~en installed and the new surfacing is to be fastened to them. 
It is unlikely that any one project will have a single type of base; rather, it 
seems probable that new structural elements will exist in combination with either 
or both of the other categories. 
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Preparation of Structure for New Finishing Materials 
The fastening system must be selected with consideration given to the type of 
base available, and t~e availability of a suitable fastening system may influence 
the choice as to the type of base finally selected, that is, the choice as to 
whether the existing surface is to be removed, or is to remain. However, other 
factors are more pertinent in this selection. 
Removal of Existing Surfacing- Complete stripping of all interior surfacing 
materials down to the basic structure offers the advantage of eliminating deteriorated 
and deteriorating materials. It also gives opportunity for disclosure of any flaws in 
the basic structure. However, such a process is time consuming and creates a 
great deal of rubbish which must be removed from the site. In actual projects, 
~his has proven to be a considerable handicap. If room space can be spared and 
weight is no problem, it is desirable to eliminate the removal process, providing, 
of course, a suitable means of fastening new materials through the existing surface 
is available. 
Fastening over Existing Surfaces - If new surfacing systems can be fastened over 
existing surfaces, a considerable saving in time can be achieved. Disadvantages are: 
1) The loss in space generated by the extra thickness of walls, etc. 
2) The possible need for a system that could offer some support to, or 
stabilization of, existing surfacing materials. 
3) The addition of further weight to the structure without a corresponding reducti 
4) The development of a fastening system that will not induce further deterioratic 
of existing surfaces, that is, will not loosen additional existing plaster, etc. 
5) The necessity for and difficulty of fastening through existing surfaces to the 
base structure. 
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Fastening through an existing finish presents two particular difficulties: 
1) The location of specific parts of the hidden structure (for example, 
mortar joints) to which the fasteners must be applied. 
2) The lack of support to the point of a mechanical fastener while it 
is being driven through the void between the existing surface and 
the structural element. 
Systems;have been developed which overcome these difficulties in most 
applications. 
Combined Conditions- It does not seem likely that it will be possible to do all 
fastening through existing surfaces. Judgment would indicate that existing surfacing 
materials that are loose, or appear likely to loosen during the renovation operation 
or later, should be removed in order that the loosened materials would not put added 
strains on the new resurfacing system. However, the irregular surface which is a 
consequence of the removal of portions of the existing surfaces results in greater 
difficulties of application of the new system. 
Also, in those cases in which a new room arrangement requires substantial 
partition changes, it ~ould be well to consider removing all partition finish in the 
unit while leaving the finish on peripheral walls intact, excepting for deteriorated areas. 
Where weight is a problem, existing ceiling finishes should be removed. 
Under these considerations, it seems likely that all three base conditions 
can occur in one structure. This points up the desirability of a flexible system for 
fastening surfacing materials. 
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VII - FURRING SYSTEMS 
Furring systems are often used to provide an intermediate base for fastening 
interior surfacing materials. Furring is the simplest method of fastening 
most surfacing materials to masonry walls; it is also frequently used in fastening 
new surfacing materials over existing walls. 
Furring has the following advantages: 
1) Permits spanning of openings and wall irregularities 
2) Permits straightening of out-of-plumb walls, etc. 
3) Allows space for wiring and wiring accessories 
4) Provides a new clean surface for attachment (this is particularly 
essential where adhesive·s are to be used). 
Furring has the following disadvantages: 
1) Reduction of room size 
2) Added operations 
3) Added costs 
Direction of Application of Furring 
Furring may be applied horizontally or vertically. The selection depends upon: 
a) type of surfacing material 
b) type of substrate to which the furring is to be attached 
Influence of Substrate. When furring strips are to be installed over a stud wall, 
the horizontal direction is preferred. Since the furring strips are running 
perpendicular to the direction of the stud and thereby cross studs at 16 or 24-inch 
intervals, there is no problem in locating supports into which the furring may be 
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fastened. In contrast, it is quite possible that a vertical furring strip properly 
located for a surfacing material would not coincide with the existing stud, with 
resulting difficulties. Accordingly, the horizontal direction is the choice for 
application over a stud wall. 
Furring strips may be installed over masonry construction either 
horizontally or vertically. If the fastening is done into the brick or concrete 
block itself, there is no difference. If the fastening is to penetrate a mortar 
joint, again the direction is unimportant. 
Fastening to a masonry wall blindly through an existing surface offers 
some problems, particularly if the fastening must find a mortar joint; in this 
case, the odds of finding a horizontal joint are more favorable than finding a 
vertical joint, and therefore vertical furring might be somewhat more advantageous. 
Horizontal furring is also advantageous · in those instances in which furring 
is to span an existing window or door opening. Such openings normally have lesser 
dimensions in width; therefore, the horizontal furring has a shorter distance to span. 
Influence of Surfacing Material. The surfacing material has the primary control 
over the direction of the furring. All surfacing materials considered for rehabilitation wo 
(excepting plaster and standard gypsum wallboard) are usually installed in the form 
of panels approximately 8 feet .long with the panels placed in a vertical direction. 
When the edges of these panels are unmatched, the edges require backing; therefore, 
vertical furring is normally necessary. For 1/ 4-inch hardboard and plywood and 
3/8-inch gypsum board, the vertical furring must be spaced 16 inches on center; 
for 1/2-inch gypsum wallboard, furring may be 24 inches on center. 
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If the edges of the surfacing material are matched, or if the edges are 
supported by moldings, or supported by reinforcing in the joint, the requirement 
for edge backing is eliminated and the furring may be placed horizontally. This 
installation usually results in a more rigid surface as most wallboards are 
stronger and stiffer in the long dimension. Horizontal application is also 
advantageous in that the furring strips need not be installed with the precision 
required when the location of the furring must coincide with the edges of' the panels. 
The factors enumerated above favor the use of horizontal furring whenever the 
surfacing material permits such an installation. 
Another advantage of horizontal furring: assuming that furring is always 
required at the top, bottom, and ends of each wall, a horizontal furring application 
requires somewhat less material than a vertical system (100 feet versus 104 feet 
for a wall 12 feet long, using 16-inch spacing.) 
Wood Furring 
Wood furring strips are the most common due to low cost, ease of fastening to the 
strip, and ease of cutting and fitting. Furring strips are commonly 1 x 2, 1 x 3, 
1 X 4, 2 X 2, and 2 X 4. 
Wider strips, i.e. , 4-inch strips, are recommended for rehabilitation work 
as they allow greater latitude in placement, particularly in those cases where furring 
must line up with edges of the surfacing material, or, be fastened into a masonry 
mortar joint. 1 x 4 strips (as opposed to 1 x 2 strips) also offer greater stiffness 
when carried across void spaces. 2 x 4 furring strips provide still greater stiffness 
- 30-
·~ 
and give more suitable space for the installation of electrical boxes; these 
advantages are offset to some degree by the reduced space in the room. 
Metal Furring Systems 
Metal furring systems are used with some gypsum wallboard systems. Resilient 
furring channels are used with certain types of wall systems designed to reduce 
sound transmission. These resilient metal furring channels are designed primarily 
for use on stud walls and on ceiling joists and are normally installed across the 
stud or joist in a perpendicular direction. Gypsum wallboard is fastened to the 
channel with a self-drilling and tapping screw. The system is not generally suitable 
for rehabilitation operations. Other metal channels are used with suspended ceilings. 
:; 
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False Wall Furring 
Sometimes it is so difficult to install furring that it becomes more feasible 
(and, in some instances, more economical) to build a new single ski~ partition 
in front of the existing wall. The wall may be framed with wood or with metal. Sole 
plates can be fastened to the floor or to the existing walls; top plates can be 
fastened to the ceiling or to the existing wall. The studs of the system function 
in lieu of vertical furring. 
Since the free-standing half-wall is fastened only at the top and bottom, 
the number of fasteners is reduced, and, correspondingly, the amount of labor 
is less than that involved in furring. In addition, the distance between the existing 
wall and the new wall can be chosen to overcome problems of irregularities in the 
·wall surface, etc. 
Wood Studs for False Wall Furring are usually 2 x 4 material used flat to reduce 
amount of space required. 
Metal Studs for False Wall Furring of several types are available. These include: 
1) 1 1/ 4~' x 1 5/8" channels, . 25 minimum gage, suitable for 
receiving self-drilling, self tapping gypsum wallboard screws. 
2) Studs designed to provide a means of engaging the deformations 
of a ringed shank nail. 
3) Studs de.signed to provide a friction resistance to the withdrawal 
of nails. 
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Fastening Devices for Furring 
For fastening to wood: 
1. Nails 
lA. Common Nails are us~d to fasten furring direct to wood 
framing and can be used to fasten furring strips through 
existing surface materials. 
lB. Deformed Shank Nails, such as annular ring nails may be 
used where greater holding power is desired, or where 
there is insufficient depth of penetration to develop the 
holding power of common wire nails. 
lC. Machine Driven Nails of the proper size and holding power 
are acceptable. 
2. Screws 
Screws can be used for direct application of furring strips; 
however, the normal application does not require their superior 
strength. 
3. staples 
Power-driven wire staples or fasteners can be used for 
direct application of furring strips, provided proper holding 
power can be developed. 
For fastening to masonry: 
A variety of fasteners have been used to attach furring strips to masonry walls. 
Experience indicates that the type and quality of the masonry wall varies considerably 
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and experimentation is required to establish the most suitable fasteners for 
any particular operation. 
The following types of fasteners are purported to be suitable for fastening 
to masonry. 
4. Nails 
4A. Cut nails proved the most successful in the New York 
rehabilitation work. 
4B. "Concrete Nails", a hardened steel nail with a deformed 
shank, is designed for fastening to concrete and concrete 
bricks. 
5. Drive pins 
I • 
Drive pins are designed for penetration of and anchorage in 
hard materials. Pins are available with lengths varying from 
3/8-inch to 4-inches. Studs (with threaded heads) are also available 
in a wide variety of lengths. 
Pins may be driven by a number of devices: 
a) Hammer-Actuated Piston- Drive Tool - Pins are inserted 
in a special driving device which guides the pin while it is 
being driven into the base material. 
b) Power-Assisted Piston-Drive· Tool - Pins are driven 
by a piston in the tool which is initially actuated by a 
hammer and then assisted by the discharge of a powder 
cartridge booster. 
c) Powder-Actuated Drive Tool - Pins are driven at high 
velocity by discharge of a cartridge in a gun-type tool. 
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Pins suitable fo r fastening 1" and 2" lumber cost approximately 12¢ 
each . Booster cartridges ar e priced at 5¢ each. 
6. Expansion Anchors. 
Expansion anchor i s a t e rm t hat may be used as being generally 
descriptive of a group of fasteners that depend upon some form 
of expansion for their holding power. Holes are drilled in the 
masonry and the anchor is inserted and expanded. The holding 
power is created by expansion of the anchor into the surrounding 
masonry, or by the wedging action against the sides of the hole. 
6A. Nylon Anchors are the most universally used type. They are 
corrosion resistant, and can handle all types of loads, and are 
relatively easily installed, and are the lowest cost of the 
group. The maximum load limit of 300 pounds is not a 
limiting factor in fastening furring. 
7. Adhesive Applied Anchors. 
Although sometimes used for attaching furring strips, adhesive 
ancho:t:s are not recomme~ded for use on old masonry. Adhesive 
authorities state that the surface conditions of the old masonry 
are likely to be such that adhesion will not take place. 
The bricks in some masonry walls are so hard that they will not receive 
any form of driven fasteners including powder-actuated drive pins. Sometimes 
the pins may penetrate sufficiently to gain a grip in the wall, but they cannot be driven 
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down flush with the furring strips without great difficulty. More often, the 
brittle masonry spalls and the fastener does not gain a grip in the wall. 
When the bricks in the wall are too hard for penetration, the fasteners 
may be driven into the mortar joints. This solution can also be unsatisfactory 
when the mortar is poor and offers no holding power for the fastener. Expansion 
anchors may be the last resort in this case, and even they may prove troublesome. 
In the New York rehabilitation project, a number of types of fasteners 
were tried. Of these, the greatest success was obtained with cut nails. In other 
circumstances, low-velocity powder-actuated drive pins and tempered "concrete" 
nails have proven most suitable. 
In the final analysis, the selection of the fastener will depend upon the 
particular conditions of each project. If those conditions are such that the 
I 
I . fastening to masonry walls is a severe problem, a surfacing system then requires 
a minimum of fastening to the masonry wall should be selected. 
Improved Furring Systems 
The improvement of the furring system for fastening surfacing materials in 
rehabilitation construction requires consideration of the following factors: 
1) A system requiring a minimum of work on the existing wall 
before application of the furring. 
2) A system requiring a minimum amount of fastening to the 
existing surface. 
3) A system occupying a minimum of room space. 
4) A system permitting easy adjustment for irregularities in 
construction . 
• 
A number have been examined. 
1. Furring over Existing Walls 
At the time the SHC-BRC visited the New York City operation, 
the contractors and the FHA had become cognizant of the 
enormity of the major problem of stripping the existing masonry 
walls and disposing of the material removed from the wall. This 
observation caused the SHC- BRC team to suggest furring directly 
over the existing· finish on the walls, . removing only those portions 
of the finish that were unsound or would interfere with the furring 
or new finish. Protruding moldings could be cut off to permit 
furring attachment. The baseboard could be used as the furring 
member at the floor. This system has since been adopted for 
use in the "48 hour" operation in New York City. 
1 x 4 furring 24" o. c. 
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2. Triangular Furring Strips 
A specially formed furring strip was devised by the SHC- BRC 
in an attempt to create a furring system which could be adjusted 
simply. The strip was cut with a wedge-shaped back, and by 
inserting a wedge behind the strip, the spacing between the strip 
and the wall could be adjusted. 
This system was considered unsuccessful due to: 
a) the difficulty of holding the furring strip and 
wedge while fastening, 
b) the added cost of shaping the furring strips. 
~) the instability of the furring strip after 
fastening. 
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3. Combined Furring and Divider Strip 
In this system, horizontal 2 x 4 furring strips are attached only 
at the top and bottom of the wall. The remainder of the furring 
function is accomplished with a "false wall" application in which the 
furring consists of a proposed "divider-stud" element. (See 
"New Developments--Divider-Stud System") The furring is composed 
of 2 x 4 strips rather than 1 x 4; accordingly, the material savings 
is minor. The major saving lies in the reduction of application 
time by the elimination of the fastening time for the three center 
strips. 
Estimated Costs of Furring Systems 
The major costs of any furring system are attributable to the labor involved in the 
· installation of the system. As a result, any estimate of cost must be validated by 
actual job obser~ation owing to the wide variety of conditions that can exist at the 
site. 
The following costs assume a labor rate of $5. 00 per hour. No additional 
allowance is made for social security payments, etc. Overhead and profit are 
not included. Material prices are based on normal size orders--savings should be 
available when purchases are made in large quantity lots. Demolition costs are 
not included. 
System 1. 
1 x 4 furring placed horizontally at 24" on center--14~ psf. 
System 2. 
2 x 4 horizontals at floor and ceiling with 2 x 4 verticals at 
room. corners--10~ psf. 
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System 3. 
1 x 4 horizontal at floor and ceiling with 1 x 3 verticals at 
16" on center--20~ psf. 
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VIII- SURFACING MATERIALS 
A wide variety of surfacing materials are available, but many of these for 
one reason or another may be ruled out for rehabilitation operations. 
One of the most critical requirements relates to the speed of the re-
surfacing operation. Projects that call for a minimum tenant dislocation time 
require a system that is capable of a quick in-and-out operation. This require-
ment almost rules out some of the most versatile and time-tested techniques. 
The following listing of suitable materials distinguishes between those 
capable of rapid installation, and those that require more steps and processes 
on the job. In the final analysis , this relates primarily to the degree of pre-
finishing that is possible with the system. 
1. Plaster 
Except as a patching material, plaster does not rate 
highly due to the slowness of the operation and the 
problems attendant to the introduction of large amounts 
of water into the structure. Incompatibility of materials 
can cause difficulties with plaster. 
2. Gypsum Wallboard 
Gypsum wallboard is the most prevalent of the "dry" wall 
systems. As such it is the bas is of comparison for any 
other system. 
2A .. Standard Gypsum Wallboard (not prefinished) offers 
minimum cost, maximum flexibil ity, and excellent con-
sumer acceptance (with taped joints) . Damage is eas ily 
repaired. The chief negative characteristic is the time 
required for nail spotting, joint taping, and painting. 
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Gypsum wallboard is available in 1/4", 3/8", 1/2" and 5/8" 
thickness, 4' x 8', 4' x 10', 4' x 12' and 4' x 14' sizes with 
tapered edges (for taping), and beveled edges. A minimum 
thickness of 1/2" is recommended for rehabilitation work. The 
use of the taped joint permits a surface completely free of any 
joints--a characteristic highly accep~ble to the consumer. 
Horizontal application is preferable due to the reduction 
of amount of joint taping, and greater ease in taping. It also 
results in a stronger surface. 
Vertical application is more satisfactory over horizontal 
supports, and for this reason, likely will be used where furring 
over existing finished walls is installed horizontally. 
Costs per square foot are 5¢ ~o 7¢ for material, and 10~ to 
15¢ for application, spotting and taping .. Painting costs are 
additional. 
2B. Prefinished Gypsum Wallboard is available in 1/2" and 5/8" 
thicknesses, 4' x 8' and 4' x 10' sizes. Different coatings 
are available, varying the price from 12~ to 32¢ psf. Pre-
finished panels are usually installed vertically. Edges require 
backing w:tess supported with a divider strip. Panels can be 
fastened with: 
a) colored nails driven flush with surface. 
b) colored nails on panel edges and adhesives in the 
field of the panel. 
c) divider strips and adhesives 
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Application costs are equal to or somewhat lower than 
costs for standard board. (Savings due to elimination of spotting 
and taping are offset to a considerable degree by the care neces-
sary to handle and install the prefinished material. ) 
Consumer acceptance of exposed nailheads is questionable 
in some areas. 
3. Hardboard 
3A. Regular Hardboard (not prefinished) - eliminated; gypsum 
wallboard is superior for unfinished systems. 
3B. Prefinished Hardboard Panels -available in 1/4" x 4' and 8' 
panels with wood grain patterns random grooved. Grooves 
are located to accommodate nails (8" o. c.) over the inter-
mediate studs. Nails in edges (4" o. c.) are colored hard-
board nails or 3d finishing nails set and puttied. Edges 
must be backed. Adhesive application with contact cement 
also possible. Moldings may be used. Material costs 23~ 
and up, depending on pattern. Application cost similar td 
prefinished gypsum (7~ - 10~ psf,). 
3C. Prefinished Hardboard Plank- matched edge planks 1/4" x 16" 
x 8'-0" with grain patterns random grooved. Attached to 
studs or horizontal furring with special metal clips. Prices 
50~ psf. and up. 
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4. Plywood 
4A. Regu!ar Plywood (not prefinished) -eliminated; gypsum 
wallboard is superior for unfinished work. 
4B. Prefinished Plywood- available in 5/16", 1/4", 3/8", 1/2" 
and heavier 4' x 8' panels. Application similar to 3A. 
Material costs 26~ psf. and up. 
5. Wood Paneling (not pre finished) 
Available in variou~ species and patterns of matched lumber. 
Attached to horizontal furring with concealed nailing. Material 
cost 20~ psf. and up. Application costs 7~ - 10~ psf. 
6. Ceramic Tile 
Not suitable for general application. 
7. Melamine Laminates 
Not suitable for general application. 
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IX- FASTENING DEVICES F"OR SURFACING MATERIALS 
For fastening to wood: 
1. Nails 
Nails are the most widely used fastening device for interior 
surfacing materials. A number of different types are used, 
the type used being dependent on the materials to be fastened 
and other requirements. 
lA. GWB-54 Annular Ring Nails used to fasten gypsum 
wallboard to wood framing and wood furring. Minimum 
. penetration = 3/4". 
1 1/8'" GWB-54, 1/ 4" head, . 098" diameter, for 
3/8" board, spaced 8" on wall and 7" on ceiling. 
11/4" GWB-54, 1/4" head, . 098" diameter, for 
1/2" board, spaced 8" and 7". 
1 3/8" GWB-54, 1/4" head, . 098" diameter, for 
5/8" board, spaced 8" and 7". 
lB. Cooler-Type Nails used to fasten gypsum wallboard to wood 
framing and wood furring. Minimum penetration 1". 
4d- 1 3/8" long, 7/32" head, 14 gage for 3/8" board, 
spaced 8" on wall and 7" on ceiling. 
5d- 1 5/8" long, 15/64" head, 13 1/2 gage for 1/2" type 
"X", spaced 7" and 6". 
6d - 1 7 /8" long, 1/ 4" head, 13 gage for 5/8" type "X", 
spaced 7" and 6". 
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1C. Finish Nails used for fastening hardboard and plywood 
to wood framing and furring. 3d nails, 1 1/ 4" long, 
15 1/2 gage, . 067" shank diameter, . 098 head diameter. 
4d nails, 11/2" long, 15 gage, .072" shank diameter, 
.105 head diameter. 
lD. Special Hardboard Nails in colors to match prefinished 
hardboard. Some of these nails are 1 1/4" long and have 
annular ring shanks. 
IE. Special Colored Nails for prefinished gypsum wallboard 
panels. 
1F. Nails for Lath 
For gypsum lath: 
3/8" lath: 1 1/8" gypsum lath nails 
1/2" lath: 1 1/2" gypsum lath nails 
Some consumers refuse to accept exposed nail heads. Methods used to attempt to 
overcome this objection include: 
a) dimpled and spackled (for standard gypsum) 
b) set and puttied (prefinished hardboard and plywood.) 
c) concealed nailing (on tongues of matched lumber) 
d) hidden in grooves of panels (hardboard and plywood) 
e) matching color-headed nails, driven flush with panel 
(prefinished hardboard, plywood, and gypsum) 
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2. Screws 
Screws are being used with g·reater frequency for fastening 
surfacing materials. The greatest increase is attributable to 
the introduction of special screws used for attaching gypsum 
wallboard. 
2A. Round-head, oval-head, and flat-head wood screws used 
with hardboard and plywood paneling where exposed 
fasteners are not objectionable. 
2B. Special SCrews for Gypsum Wallboard. 
Patented "Bugle" head screws cross slotted for m.achine 
driving are available in 1 1/ 4'' length for fastening single 
layer gypsum wallboard to wood. The electric drill used 
to dr~ve the screws is equipped with an automatic shut off 
which makes all screw dimples uniform in size. The 
application also prevents tearing of the paper on the surface 
of the gypsum. The uniformity of the fastening applications 
simplifies the spotting and taping process. Screws have 2 
to 3 times greater holding power than nails and as a result 
can be more widely spaced. Recommended spacings are 
12" o.c. for ceilings and 16" o. c. for walls (12" o . c . for 
walls with framing 24" o. c.) 
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3. Staples 
Power driven wire staples may be used to fasten 
1) the first ply of a two-ply system 
2) backing board as a base for acoustical tiles, etc. 
For fastening gypsum wallbo~rd to wood: 
16 gage wire flattened and galvanized, divergent 
pointed, 7 /16" crown, 5/8" minimum penetration of 
staples. 
For 16" wide gypsum lath to wood: 
4. Clips 
16 gage galvanized wire, divergent pointed, 3/ 4" 
· crown, 5/8" minimum penetration, spaced 4 per 
board per bearing for walls, 5 per board per bearing 
for ceilings. 
A number of different clips have been designed for special systems. 
4A. Clips for "Masonite Panelok" are designed for fastening a 
prefinished matched-edge hardboard plank to wood studs or 
wood furring. Clips are inserted into the grooved edge of the 
panel and nailed to the stud or furring with two 1" lath nails. 
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4B. Clips for Gypsum lath and fastening devices for 
gypsum lath are produced by a number of manufacturers. 
Clips are used primarily in connection with the installation 
of walls and ceilings where a higher sound transmission 
class is desired. 
5. Metal Moldings 
5A. Metal Moldings for Hardboard are used as fasteners 
with certain applications of prefinished hardboards. Common 
forms are (a) outside corners, (b) inside corners, (c) division, 
and (d) edging. Most moldings are extruded aluminum shapes. 
5B. Trim for gypsum drywall. Common shapes are corner 
reinforcement, edge reinforcement and ball nose trim. 
Some moldings are concealed in the taping and finishing 
process; others remain exposed. 
6. Special Units 
6A. Division-Stud of the Donn partition system is a structural 
7. Adhesives 
element combined with a fastening channel and trim piece 
for gypsum wallboard. See Catalog of Systems. 
Several forms of adhesive are used in fastening surface materials 
to substrates. In general, adhesive application is considered to be 
more costly than application with screws or nails; however, the 
possibility of eliminating esthetically unacceptable visible nail heads 
makes this method of interest. 
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7. Adhesives (continued) 
Some professional applicators feel that the added costs 
of materials are offset by better labor production and higher 
quality of end product. 
7 A. Joint Compound for gypsum wallboard is used for 
laminating the finish wallboard layer to the base panel 
in two-ply systems. Temporary bracing or clamping 
or wallboard to wallboard screws are required. 'Joint 
compound is also used in adhering the reinforcing tape 
used in the joint treatment for standard gypsum wallboard. 
7B. Mastic Adhesives of various compositions are: 
1) applied over the entire back surface of wallboard and/ or 
hardboard in laminating prefinished panels to base panels. 
2) applied in beads on framing and furring members in the 
adhesive nail-on method of installing gypsum drywall direct 
to studs or furring. (The number of nails required are reduced 
to 24 inches on center for walls and 16 inches on center fo r 
ceilings. ) 
3 ) applied in spot s or globs to framing and furring in the 
central areas of panels in systems in which the edges of the 
panels are fastened mechanically. 
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7C. Contact Adhesives are used for: 
1) lamination of finish panels to base panels in two-
ply systems. 
2) for direct applicatio!l of panels (gypsum, hardboard, 
plywood) to wood framing and furring without the use of 
nails or temporary bracing. 
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X - NEW DEVELOPMENTS 
One of the objectives of the project was the development of new methods 
and/ or devices for fastening surfacing material. Again, the development 
of such devices can be done only in conjunction with the consideration of 
the total resurfacing system. A number of proposals have been considered . 
Some suggestions on furring systems have been outlined in a previous 
chapter. Two proposals for surfacing systems are outlined on the 
following pages. 
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PROPOSED DIVIDER-STUD SYSTEM 
The following system was devised to: 
1) Reduce the amount of furring which must be attached to a masonry wall. 
2) Provide a completely mechanical dry joint treatment for prefinished 
wallboard. 
3) Eliminate all exposed nail heads. 
4) Provide capabilities for rapid erection. 
The system is also suitable for coordination with an existing interior partition 
system. 
Description of System 
The basic elements of the system are: 
1) 1/2" or thicker prefinished gypsum wallboard panels which are 
2' wide by 8'-2" high. 
2) A new form of metal divider-furring channel-stud which is used 
to join and support the wallboard. 
The cross section of the divider-stud is designed to provide sufficient rigidity 
to allow the channel to be free standing from floor to ceiling in an 8-foot-high room. 
The contour of the divider-stud also permits fastening the wallboard by insertion 
between the exposed face of the divider and the support tabs--nails are required only 
at the base and top of the panels. The idea of forming the support tab out of the web 
of the member is borrowed from the Donn Partition system*. 
The 24" width of the wallboard section was selected on the basis of the 
maximum feasible spacing of the divider stud. The length of the panel was established 
as 8'-2" in order to provide a firm base for fastening the ceiling system at the top 
of the wall. 
The proposed system assumes that the production of these two elements would 
be possible by manufacturers already working in these fields. 
*Donn Products, Inc., 700 Bassett Road, Westlake, Ohio 44091 
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Structure 
The structural qualities of the stud compare favorably with certain existing 
systems. For example, the moment of inertia of the new divider-furring strips 
is twice as large as the moment of inertia of a 25 gage (. 022 in. thick) 1-5/8 
sheet metal channel. 
..;.P""" _______ _ 
1 5/8" 
25 gage = . 022 
I = . 0475 
--~._ _________ _ 
-,-. -------.. j 
1 1/2" 
22 gage= . 03 
I= . 095 
"""-- ..... , 
;' ' I \ 
I \ 
'---- ---J pport tabs 
-- - finished face 
Also the EI value of the section is greater than the EI value of a 2 x 4 stud installed 
flat. 
ood 4 x 2 Proposed Divider 
I = 1.30 I= . 095 
EI = 2, 080, 000 EI = 2, 850, 000 
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However, if 4 x 2 studs are to be placed 16 in. o. c. as compared to 24" o. c. 
for the proposed divider-furring stud, the stiffness ratio is in favor of the wood 
furring as follows: 
Wood 
3 Studs 
EI = 6, 240, 000 
Installation Procedure for Proposed System 
1) Remove interfering moldings, trim, etc. 
Proposed Di. vider 
2 Units 
5,700,000 
2) Install horizontal 2 x 4 furring members at the top and bottom of the wall. 
(Where a l-inch thick baseboard exists, a 1 x 4 may be applied to it to form 
the lower furring member. ) 
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3) Install first furring divider-stud by nailing to top and bottom 
furring pieces. 
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4) Install first piece of 1/2" x 2'-0" x 8'-2" prefinished drywall by inserting 
between support tabs and face of divider stud. Nail to top and bottom furring 
piece. Nails will be covered by base trim and by ceiling. 
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Alternate (3) Install corner furring as indicated 
(4) Nail wallboard to wood furring in corner. 
5) Install second divider-stud. 
6) Install second piece of wallboard. 
7) Repeat. 
8) To turn corner, install 2 x 4 vertical corner furring strip. 
9) Nail wallboard to vertical corner furring. 
10) Turn corner and install metal lh vider- stud . 
.. . ..... , ..... · .... . ... 
11) Continue as before. 
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Field Trial 
A field trial mockup, using two types of trial divider-stud sections, indicated 
that panels could be installed in less than five minutes per panel. 
Closing the final corner will undoubtedly require a greater period of 
time, but 15 minutes would seem to be an ample allowance. 
Illustrations of the field trial shown on the following pages are, in order: 
A. Mockup of proposed divider-stud. Flange at the back of the divider-
stud is turned away from the view .. 
B. Installation of divider-stud against previously installed wallboard 
section. 
C. Attachment of divider- s tud to furring at floor line. (Divider-stud 
is not the final configurat ion.) 
D. Insertion of wallboard panel into divider-stud. 
E. View showing general a ppearance of system. (Divider-stud seen 
in view is not the final \.·· onfiguration. ) 
Estimated Costs (psf. ) 
Furring $ . 10 
Divider-Stud . 13 
Gypsum 
. 12 - .32* 
Application . 0 ,1 
$ .4 (1 - . 60 
*dependent upon the qualit,, of the prefinish on the board. One 
possibility i s to prime the l.oard and apply one finish coat on the job. 
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A. Mockup of proposed divider-stud. Flange af the back of the divider -
stud is turned away from the view. 
B. Installation of divider-stud against previously installed 
wallboard section. 
C. Attachment of divider-stud to furring at floor line. (Divider-stud 
is not the final configuration.) 
D. Insertion of wallboard panel into divider-stud. 
E. View showing general appearance of system. (Divider-stud seen 
in view is not the final configuration). 
temporary fas r 
double ded D&il with hardboard collar 
Estimated Cost (psf.) 
Horizontal furring, . 24" o.c. 
Plank 
Application 
$ .14 
. 20 - . 40* 
.08 
$ . 42 to . 62 
*Cost of the plank will depend upon the quality of the prefinish on the board. 
Alternate 
By using a triple laminate, · a tongue and groove edge could be produced on the board, 
thereby eliminating the need for adhesive fastening. 
/furring 
/ 
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PREFINISHED GYPSUM PLANK SYSTEM 
The following system was devised to: 
• 
1) Eliminate the need for divider moldings in a prefinished system. 
2) Eliminate exposed nailheads 
3) Provide capabilities for rapid erection. 
Description of System 
The basic idea of the system is the use of a prefabricated prefinished gypsum plank 
which can be attached with concealed nailing and adhesives. 
The plank is made up of a 1/ 4" x 16" (or 24u) x 8'-2" prefinished board 
laminated to a 3/8" X 16" (or 24'') X 8'-2" backer-board. The boards are offset 
1 inch to form a shiplap joint. The longer plank length is intended to offer backing 
for attaching the ceiling system. 
The planks are most easily installed over horizontal furring framing; they 
may also be fastened directly to vertical framing. The flange of the backer-board 
is nailed to the support; the flange of the finished section of the plank is fastened 
over the nailed flange with adhesive. Planks are nailed to supports at the floor and 
ceiling. 
r-JL 
1
\, 1 
1
1 stud 
\1 or ) \ I furring 
l I I 
I \ 
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XI- EVALUATION OF SYSTEMS 
Basis of Evaluation 
The systems on the following pages are those considered to be the most 
significant in rehabilitation work. They are evaluated according to: 
A. Cost 
B. Ease of Installation 
C. Speed of Installation (elapsed time) 
D. Maintenance 
E. Refinishahility 
F. Repairability 
G. Consumer Acceptance 
Of these factors, consumer acceptance has an overriding influence. 
Any system unacceptable to the consumer is of no value regardless of its 
technical success. 
Another key factor is the speed of installation. Systems that require 
multiple steps with intermediate waiting times increase the elapsed time of 
the operation and are not suitable systems when the rehabilitation is to be accomplished 
in a short period. 
Another major factor, of course, is cost. In this study, demolition costs 
were not considered. Other costs are estimated on the basis of the best infor-
mation available. 
Installation costs (labor) should be accepted with reservation. For example, 
labor costs of furring could vary widely from the estimate due to condition of the 
structure, etc. Also, more extensive experience is required to validate labor costs 
on the new systems. 
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Construction Sequence 
Most of the systems studied are based on the following construction sequence: 
New partitions are framed betwee~ the floor and ceiling 
structure and all new wall surfaces are applied. Subsequently 
the new dropped ceilings are fastened between the walls and 
partitions and are supported by the partitions and/ or the floor above. 
Only one system ("Self- Furring Gypsum Wall") proposes the installation 
of the ceiling first. In this case the ceiling must be built strong enough for the 
top of the partitions to be attached to it. 
General Comments - Ceilings 
Existing ceiling surfacing will probably be removed in most instances in order 
to save weight and to expose the structure for inspection and for the fastening 
of supports for new ceiling systems. If the existing surface is entirely sound 
and weight is not a problem, means can be found to fasten through the ceiling; 
however, it is believed that this application would be rare. When the ceiling 
is to be dropped, construction of a suspended grid ceiling system is less costly 
than the building of new ceiling framing between the walls and partitions. The 
suspended ceiling system appears to be the best solution for this condition. 
If the ceilings are not to be dropped, other systems may be more appropriate, -
the most suitable probably being a standard gypsum finish over furring. If this 
process is too time-consuming, a prefiniHhed system using divider moldings 
may be selected. 
General Comments - Wall 
In applications in which speed of installation 1 .... paramount, ar prefinished system 
is necessary. This precludes the production o; a completely smooth plaster-like 
surface. Joints will be visible; fasteners may b(. visible. 
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Joints can be handled in one of two ways: they may be emphasized with 
moldings or dividers, or they may be emphasized by beveling or otherwise shaping 
the edges of the surfacing materials. Moldings permit the elimination of visible 
nails along the edge of the panels, but add substantially to the cost of the surfacing. 
Surfacing materials with beveled edges have an equally pleasing look and are less 
costly. 
With respect to the fastening of prefinished materials, the most direct 
solution is to employ nails, but it is necessary to use them in such a manner that 
the nailheads are inconspicuous. Nevertheless, some consumers will not accept 
this appearance, and therefore it is necessary to have available a system in which 
no nails are visible. Adhesives are useful in developing such a system; it is also 
possible to develop a syste1n using moldings in which no nailing is required. 
Of the systems studied two new proposals and one existing system are 
in the lower-cost range. One of the new systems makes use of dividers to form 
the joint; in the other, a beveled edge plank is employed. 
The system used in the ''48-hour" rehabilitation project in New York is 
the most satisfactory of the existing systems. The evaluation indicates one of the 
new systems has a lightly lower cost. However, the difference in cost is very 
small, and therefore careful cost records of extensive operations involving each 
of the three systems should be obtained before a final judgment is made. One of the 
new systems, the "divider-stud" sy.:tem, has the distinct advantage of reducing the 
amount of furring that must be attache I to a masonry wall. Both of the new systems 
use smaller and more easily handled p~ 1els of wallboard. 
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Description 
Framing 
Installation -
CEILING SYSTEM - STANDARD GYPSUM 
(ON DROPPED CEILING.) 
2 x 6 ceiling joists 24" o. c. 
Standard 1/2" gypsum wallboard -
Installation, taping, spackling 
Painting 
Evaluation 
A. tnedium cost 
B. easily installed 
Price per sq. ft. 
$ .12 
. 08 
.06 
. 11 
. 08 
$ . 45 
C. a number of field steps involved; not suitable for quick "in-and-out" project 
D. normal maintenance 
E. can be painted 
F. damage easily repaired 
G. top acceptance 
If ceiling does not need to be lowered: 
Eliminate: framing and installation - $ . 20 
Add: furring . 14 
Total net" 
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CEILING SYSTEM - SUSPENDED GRID 
Description Price per sg. 
Grid system and suspension - $ . 13 
Prepainted or prefinished drop-in panels 2' x 4' -
. 12 - . 32 
Installation -
. 15 
$ • 40 - . 60 
Evaluation 
A. lowest cost 
B. easily installed 
C. rapid installation 
D. probably more difficult to clean than standard gypsum because of 
care needed with laid-in panels. 
E. can be painted 
F. damage easily repaired (install new panel) 
G. good acceptance 
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Description 
Demolition 
Furring 
Wallboard 
Installation 
Painting 
Evaluation 
A. lowest cost 
WALL SYSTEM- STANDARD GYPSUM 
remove moldings only 
1 x 4 horizontal furring at 24" o. c. 
1/2 11 standard gypsum drywall 
B. easily installed 
Cost per sq. ft. 
$ . 14 
. 06 
. 10 
: 08 
$ . 38 
C. a number of field steps involved ; not suitable for quick "in-and-out" projects 
D. normal maintenance 
E. can be painted 
F. damage easily repaired 
G. top acceptance 
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WALL SYSTEM - "48-HOUR REHAB" 
The following system was selected for the "48-hour" rehabilitation project 
in New York City. A cost reduction would be possible by selecting lower-quality 
wallboard and divider strip. 
Description 
Furring 1 x 4 horizontal 24" o. c. 
Wallboard - 1/2" x 4' x 8' prefinished gypsum 
installed verti~ally. Top and bottom 
nailed, edges held with divider strip, 
field fastened with 1/4" x 1-1/2" glob 
of "miracle" adhesive 48" o. c. , on 
furring strips 
Divider vinyl covered aluminum 
Installation -
Costs per sq. ft. 
$ • 14 
. 12 - . 32* 
• 08 ** 
• 08 
$ • 42 - • 62 
*Costs depend on t~e quality of the surface coating. Material us-ed in 
New York City was in the higher price range. 
** Prepainted steel dividers could be used to lower this cost. 
Evaluation 
A. low cost range 
B. easily installed; requires more fur r ing than divider-stud system 
C. rapid installation 
D. easily maintained 
E. can be painted 
F. difficult to repair tears in vinyl coatings 
G. good consumer acceptance 
I -----------
. , . 
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WALL SYSTEM- PREFINISHED GYPSUM PLANK (PROPOSED) 
Description 
(see prior section on "New Developments") 
Demolition 
Furring 
Wallboard 
Installation 
remove moldings only 
1 x 4 horizontal furring at 24" o. c. 
New form of laminated-prefinished 
gypsum plank 5/8" x 2'-0" x 8'-2" in 
shiplap form. One edge of plank is 
nailed; other edge is fastened ·with 
adhesive. Can be installed on furring 
or new walls. 
Cost per sq. ft. 
$ . 14 
. 20 - . 40* 
. 08 
$ . 42 - . 62 
*Cost. depends on quality of surface coating. Material could be 
pre-primed and require only one coat of paint after installation, 
or could have various qualities of prefinished coatings . 
Evaluation 
A. low-cost range 
B. easily installed; however, requirPs more furring than Divider-Stud System 
C. rapid installation 
D. easily maintained 
E. can be painted 
F. difficult to repair tears in some coa Lings 
G. consumer acceptance predicted as good 
Smaller sized panels are more easily 11andled - a distinct advantage in 
rehabilitation work. 
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WALL SYSTEM .- DIVIDER-STUD WITH PREFINISHED GYPSUM WALLBOARD (PROPOSE 
Description Cost per sq. ft. 
(see prior section on "New Developments") 
Demolition remove moldings only 
Furring 2 x 4 horizontal top and bottom only $ . 10 
Divider- stud 
. 13 
Wallboard 1/2 x 2' x 4' prefinished gypsum . 12 - . 32* 
Installation 
. 05 
$ . 40 - .. 60 
*Cost depends upon quality of wallboard finish. Material could be 
pre-primed and require only one coat of paint after installation, 
or could have various qualities of prefinished coatings. 
Evaluation 
A. low-cost range 
B. easily installed - probably easiest of all systems; minimum amount 
of furring. 
C. rapid installation 
D. easily maintained - vinyl covering easily washed 
E. can be painted 
F. difficult to repair tears in vinyl surfacing 
G. consumer acceptance good 
The system has the added advantage that it can be coordinated with 
an existing partition system. Al ~o, the smaller sized panel is more 
easily handled - a distinct advant r1 ge in rehabilitation work. 
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Description 
Furring 
Painting 
Installation 
Evaluation 
WALL SYSTEM - "FURLOCK" 
three 1 x 3 bevel-cut horizontal 
furring strips; furring strips at 
top and bottom 
Prepainted or prefinished plywood paneling 
with three locking strips and edge blocking 
A. low-cost range with prepainted low-cost plywood 
B. installation calls for great precision in installing furring 
Cost per sq. ft. 
$ . 14 
. 20 - . 40 
. 08 - . 12 
$ . 42 - . 66 
C. reasonably rapid installation after furring is set. One step operation--
panels are dropped over locking furring strips and nailed together 
D . average maintenance 
E. can be refinished or repainted 
F. consumer acceptance good for some rooms, but not suitable for entire house 
(Note: This system was ruled out in New York City because of combustibility. ) 
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3/4" x 3-1/4 panel locking strips 
glued to pl " 10d 
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WALL SYSTEM- SELF-FURRING GYPSUM WALL (MANUFACTURER'S PROPOSAL) 
Description 
Demolition 
Furring 
Wallboard 
Painting 
Evaluation 
A. costs unknown 
remove moldings only 
system is self-furring 
"Structo-core" wallboard with integral 
gypsum rib. Two sections can be placed 
back-to-back to form nonbearing partition. 
System is fastened to floor and ceiling. 
Wallboard must be taped, cemented, and 
painted~ 
Cost 
B. insufficient experience to evaluate ease of installation. System relies on 
ceiling to stabilize wall. Ceiling must be installed first and be strong 
enough to support wall laterally. 
C. speed of installation unknown. Probably comparable to standard gypsum. 
D. maintenance comparable to standard gypsum drywall 
E. can be repainted 
F. easily repaired 
G. consumer acceptance excellent 
16" 
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